Abstract: Many companies are creating mterdisciplmary concurrent engineering teams to collaborate on product development projects from dispersed locations. The problems these companies face stem from the lack of understanding of technical, organizational, and procedural requirements for such activities to take place effectively. This paper proposes an integrated conceptual model of the product life cycle, and a virtual collaborative environment to support concurrent engineering. The product life cycle model features the life cycle process itself, but also highlights the corresponding people and technology required for each phase. The virtual collaborative environment framework models the activities that occur, and the underlying infrastructure that must be present for collaboration to be effective. A simple prototype of the model is implemented, and an exploratory study is conducted to gain insight into the issues of concurrent engineering in a virtual collaborative environment, and to identify future research directions.
Introduction
In recent years, the traditional sequential approach to product development has given way to concurrent engineering. However, the fundamental activities that take place remain the same. Many different models of the product development process exist [1] [2] [3] [4] [5] , but the general concepts are consistent. In a concurrent engineering environment, many of these activities are carried out by multidisciplinary teams working in a collaborative manner. The process involves communication, negotiation and team learning [7] and must be supported by the organizational infrastructure in which it takes place.
Ion and Neilson [7] identify some of the inefficiencies that can impair effective collaboration in a dispersed team setting. First [6] , which stresses importance and value of people. As a result of a recent study sponsored by the United Kingdom Design Council to investigate the use of shared workspace in the design process, Ion and Neilson [7] propose that &dquo;... research priority should be placed on issues relating to the implementation of cooperative working systems in design and management.&dquo; The researchers go on to say that &dquo;Research related to technological issues, which has been the focus of activity in recent research, is still required but should now take second priority as working systems are now commercially available.&dquo;
A survey of the concurrent engineering literature reveals that few controlled experiments with collaboration tools and environments have been done. Most of the research-oriented implementations of concurrent engineering and virtual collaboration involve single case studies of how the system worked within a certain company [8] [9] [10] .
The Madefast project [ In another study, researchers looked at the difference in design semantics (design rationale) using computer application when designing alone as compared to designing collaboratively [12] . The 
The Collaborative Environment Framework
Based on the requirements of a new product life cycle, the framework shown in Figure 2 has been developed to support concurrent engineering in a virtual collaborative environment. The framework is the synthesis of a number of concepts found in the research literature [1, 7, 9, 22, 23] . Follow- ing this framework, a working system can be implemented using off-the-shelf and custom software technology available today. The framework is most useful, however, for generating a common understanding of the product life cycle environment for the purposes of discussing issues that an organization might face when implementing a collaborative environment architecture.
The framework in Figure 2 has been broken down into four different layers. Working downward, each layer must have its components compatible with the previous layer such that, for example, all of the application tools are compatible with the information management and storage systems. The components within a layer should complement each other without a great deal of functionality overlap. The whole system must also be designed to support the humans in performing valueadded services for the organization. A detailed description of the framework layers follows.
Organizational Knowledge Layer
In the framework presented, the organizational knowledge layer is at the core, providing intelligent storage and retrieval services to the other layers. It is also known as organizational memory [24] , and consists of an information storage system and an information management system that can be thought of as a library and a sophisticated librarian.
Other functions of the knowledge layer include the ability to intelligently assist in, or independently work at, bringing new knowledge into the organization from, for example, a network of other organizations using the World Wide Web.
The information management system would also look after the routing, posting and storage of e-mail, newsgroups and threaded discussions.
Application Layer
The application layer provides the tools with which the engineers and others perform their tasks. The tools are used to transform information coming from the wisdom layer (the people) into information objects (documents, design drawings, analysis data, etc.), and to modify and view the information stored in the knowledge layer. The tools should be complementary and use common functions where possible [25] .
The tool categories identified in this layer provide support for recurring activities within the product life cycle as outlined in Section 2. These categories cover most types of tools and provide a useful generalization for discussing the framework.
User Interface Layer
The user interface layer should provide a common &dquo;look and feel&dquo; to the different tools, and launch the appropriate application for the task at hand [23] Finally, the virtual collaboration process captures and records design rationale that might otherwise be lost in conventional collocated collaboration.
